INTRODUCTION {#sec1-1}
============

Ultrasound (US), as a widely available imaging technique, has proved its value in diverse clinical applications and many studies and reviews have been published over the years, including its role in the assessment of rare gastrointestinal (GI) diseases or hardly accessible organs.\[[@ref1][@ref2][@ref3][@ref4]\] One of the best diagnostic tools to assess the digestive tract and surrounding organs is endoscopic ultrasound (EUS), but one of its major limitations is the limited capacity to determine the exact nature of a lesion.\[[@ref5][@ref6][@ref7]\] Differential diagnosis between benign and malignant lymph nodes (LNs) based on the EUS appearance is difficult and frequently requires EUS-guided fine needle aspiration biopsy (EUS-FNAB) for confirmation of malignancy.\[[@ref8][@ref9][@ref10][@ref11][@ref12]\] Recently, the European Society of Gastrointestinal Endoscopy (ESGE) published recommendations on EUS-guided sampling made for various settings, including LNs.\[[@ref13][@ref14]\] Although the specificity of EUS-FNAB is close to 100%,\[[@ref9][@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\] it potentially misses microinvasion of malignancy into LNs.\[[@ref21]\] Also, it requires experience and it is associated with a risk of complications which, even if it is low, is not negligible.\[[@ref6][@ref22]\] According to the guidelines of the ESGE published by Dumonceau *et al.*, contrast-enhanced EUS and EUS-elastography are new techniques developed to increase the negative predictive value (NPV) of EUS-FNAB.\[[@ref13]\] Recent researches and detailed technical explanations published indicate that these techniques may potentially be useful to select diagnostically significant LNs and also the most suspicious area of a LN to be targeted for FNAB.\[[@ref14][@ref21][@ref23][@ref24][@ref25][@ref26][@ref27]\]

As a noninvasive technique, EUS elastography complements conventional EUS with minimal prolongation of the examination time, minimum cost, and no added complication or death.\[[@ref28][@ref29]\] Till now, EUS-elastography imaging has been proved to offer complementary information added to conventional EUS imaging, representing a promising method that allows the differential diagnosis of benign and malignant LNs.\[[@ref5][@ref30][@ref31]\] It is easy to be included in clinical staging and, particularly with computer-aided pixel analysis, significantly improves the specificity of LN staging. The most significant advantage of EUS-elastography is that it can be performed in real-time during a diagnostic examination and can immediately give important information that can impact patient management.\[[@ref32]\]

WHAT IS ELASTOGRAPHY? {#sec1-2}
=====================

Palpation has been used in medicine for more than 1,000 years, in order to assess a mass located in the body.\[[@ref33]\] Elastography is the imaging equivalent of the ancient palpation, being able even to exceed the subjectivity of the physical exam and to quantify the stiffness of a lesion. It is based on the general principle that softer parts of tissues deform easier under compression than harder parts do, allowing an objective determination of tissue consistency and showing differences in hardness between normal and diseased (tissues).\[[@ref34][@ref35][@ref36][@ref37]\] A grossly division in two types of elastography can be made, a qualitative one based on tissue\'s response to an external or internal generated force, called strain elastography (SE); and a quantitative one, based on measurements of the shear waves generated by a 'push-pulse' of low frequency, called shear wave elastography (SWE).\[[@ref38][@ref39][@ref40][@ref41]\] A way to semiquantify information from strain images is strain ratio. This can be calculated by measuring tissue stiffness in the targeted area as well as outside it, in a region representing normal tissue. Then, the strain ratio value can be calculated as the quotient between the two assessed regions.\[[@ref42]\] Another possible way to quantify strain is by mean of hue histograms.\[[@ref6][@ref43]\] Elastography has already proved its valuable clinical utility in applications such as breast cancer diagnosis\[[@ref44][@ref45][@ref46][@ref47][@ref48][@ref49]\] or assessment of liver fibrosis,\[[@ref43][@ref50][@ref51][@ref52][@ref53][@ref54][@ref55][@ref56][@ref57][@ref58]\] adding complementary information to conventional US. It has also shown promising results in applications such as thyroid nodules,\[[@ref59][@ref60]\] pancreatic masses,\[[@ref19][@ref21][@ref28][@ref61][@ref62]\] chronic pancreatitis,\[[@ref42][@ref63][@ref64]\] autoimmune pancreatitis,\[[@ref65]\] prostate cancer,\[[@ref66][@ref67][@ref68]\] or LNs assessment.\[[@ref69]\] Recently, elastography has been also introduced during EUS examination.\[[@ref70][@ref71][@ref72][@ref73][@ref74]\] SE is currently the only method available for EUS, and all studies used the Hitachi US systems, with the exception of a paper published in 2014 which used the new Olympus processor.\[[@ref75]\]

EFSUMB GUIDELINES FOR THE USE OF US ELASTOGRAPHY {#sec1-3}
================================================

The European Federation of Societies for Ultrasound in Medicine and Biology (EFSUMB) has recently published guidelines and recommendations on the clinical use of US elastography. While in the first paper they have been dealing with the basic principles and technology of US elastography,\[[@ref76]\] the second paper assessed the clinically used applications.\[[@ref77]\] Transcutaneous elastography of superficial LNs was discussed as being a promising application that may prove its clinical value if more experience is gained. An increase in stiffness is expected in malignancies, but might also occur in inflamed LNs.\[[@ref77][@ref78][@ref79]\] On the other hand, the assessment of LNs by EUS-elastography has been presented as a useful tool in differentiating benign and malignant LNs, with a sensitivity of 88% and a specificity of 85% according to the meta-analysis of Xu and colleagues.\[[@ref29]\] Benign (physiological and reactive) LNs are characterized by a homogeneous or scattered soft pattern (predominantly green or mixed red-yellow-green). Typically, the soft vascular structures of the LN hilum may be delineated \[[Figure 1](#F1){ref-type="fig"}\]. The LN cortex may appear slightly harder than the LN medulla \[[Figure 2](#F2){ref-type="fig"}\]. Malignant LNs (in particular those with diffuse metastatic infiltration) most often display a homogeneous hard elastographic pattern \[[Figure 3](#F3){ref-type="fig"}\]. Focal necrosis or incomplete malignant infiltration may result in inhomogeneous (mixed), but predominantly hard patterns.\[[@ref80][@ref81]\] The accurate elastographic discrimination between benign (reactive) and malignant (metastatic) LNs is of great importance for prognosis and selection of appropriate therapy for many cancers (esophageal, gastric, rectal, pancreatobiliary, and lung cancer)\[[@ref82]\] \[Figures [4](#F4){ref-type="fig"} and [5](#F5){ref-type="fig"}\]. It may be also used for identification of the harder, and then most suspicious LN, or of the hardest regions within LNs to be targeted for EUS-FNAB.\[[@ref24][@ref77]\] Thus, EUS-elastography may be helpful by reducing the number of false-negative results and repeated procedures.\[[@ref32]\]

![Elastographic image of a typical benign mediastinal LN: Homogeneous soft pattern (green) with delineation of soft vascular structures of the LN hilum (red and yellow). LN: Lymph node](EUS-4-176-g001){#F1}

![Elastographic image of a large reactive mediastinal LN: Heterogeneous soft pattern. The soft structures of the LN hilum and medulla are displayed in red, yellow, and green. The LN cortex is considerably harder (blue)](EUS-4-176-g002){#F2}

![Elastographic image of a typical malignant LN: Homogeneous hard pattern (predominantly blue) of a round LN metastasis in a patient with gastric cancer](EUS-4-176-g003){#F3}

![Elastographic evaluation of lower periesophageal LNs using an EBUS-scope in a patient with stenosing squamous cell cancer of the upper esophagus: Homogeneous hard pattern (blue) of the oval LN. EBUS: Endobronchial ultrasound](EUS-4-176-g004){#F4}

![Elastographic image of a very small LN metastasis in a patient with rectal cancer: The round LN is depicted homogeneously blue and is significantly harder in comparison with surrounding perirectal connective tissue and fat (green, yellow, and red)](EUS-4-176-g005){#F5}

In summary, endoscopic elastography is real-time elastography (RTE) performed with an endoscopic probe (flexible upper GI echoendoscope, rectal US probe, and flexible endobronchial US (EBUS) probe), which has led to further improvement in B-mode imaging results for classification of benign and malignant LNs, particularly by targeting LNs for needle sampling. For clinical cases and high quality images, we recommend the EFSUMB Atlas (<http://www.efsumb-atlas.org/v2/index.asp?xref=f1-info-elasto.asp> ).\[[@ref83]\]

NODAL STAGING IN CARCINOMA PATIENTS {#sec1-4}
===================================

 {#sec2-1}

### Importance and current status {#sec3-1}

LNs characterization by cross-sectional imaging techniques is limited in accuracy, since they evaluate insensitive criteria, such as LN\'s size or gross morphology. It is well-known that LN metastases can be present in nonenlarged LNs and that not all enlarged LNs are malignant.\[[@ref84][@ref85][@ref159]\] For example, in GI and pancreatic cancer approximately 50% of metastatic infiltrations are found in LNs with the largest diameter being ≤5 mm, which are almost undetectable for the standard imaging techniques.\[[@ref86][@ref87][@ref88][@ref89][@ref90][@ref91]\] In gastric cancer, the percentage of LNs with a diameter of ≥10 mm is the same in patients with LNs metastases as in patients without metastatic nodal involvement. Also in pulmonary cancer, LN size is not a reliable indicator of LN metastases. In one surgical study, 44% of mediastinal LN metastases proved to be \<10 mm in largest diameter, and in 12% of all patients with N1 or N2 disease the pathologist did not find any LN with a diameter of ≥10 mm\[[@ref87][@ref88][@ref92]\] \[[Table 1](#T1){ref-type="table"}\]. Therefore, sensitivity of LN size measurements cannot be expected to be higher than 70%.\[[@ref93]\] Positron emission tomography (PET) has overcome some of these limitations, but is still constrained by current resolution limits for small nodal metastases.\[[@ref84]\]

###### 

Diameter of benign and malignant lymph nodes (LNs) in surgical specimen of nodal-positive and nodal-negative patients with gastrointestinal, pancreatic, and non-small cell lung cancer.\[[@ref86][@ref87][@ref88][@ref91][@ref92]\]

![](EUS-4-176-g006)

The number of LNs infiltrated with malignant cells and also LN\'s location have an impact in predicting patient\'s survival outcome. For example, in esophageal carcinoma, patients with three to six involved LNs on both sides of the diaphragm had a worse survival than those without nodal involvement, or with involved LNs located only on one side of the diaphragm.\[[@ref94]\] The study of Twine *et al.*, on a number of 267 patients with esophageal cancer, showed that survival was related to EUS tumor (T) stage (*P* \< 0.0001), EUS node (N) stage (*P* \< 0.0001), EUS tumor length (*P* \< 0.0001), and to the EUS defined LNs metastasis count (*P* \< 0.0001), with a median survival of 44, 36, 24, and 17 months, respectively, for patients with 0, 1, 2-4, and \>4 LN metastases, respectively.\[[@ref95]\]

### Endosonographic LN characterization {#sec3-2}

Catalano *et al.*, in a cohort of 100 patients with esophageal cancer defined endosonographic features predictive of LN metastasis: Hypoechoic structure, distinct margin, roundness, and a diameter \<10 mm. Probability of malignancy increased with the number of malignancy criteria. Malignancy could be predicted with 100% accuracy when all four features were present.\[[@ref96]\] Further studies using EUS and EBUS confirmed these criteria and added further malignancy criteria for LNs: Absence of hyperechoic LN hilum and lack of a central nodal vessel, occurrence of hyperechoic coagulation necrosis, and heterogeneous echo pattern.\[[@ref97][@ref98][@ref99][@ref100][@ref101][@ref102][@ref103]\] The probability of malignancy of a particular LN is very low, if none of the malignant LN criteria is observed.\[[@ref97][@ref104][@ref105]\] However, some of the features predictive for malignancy, in particular coagulation necrosis and heterogeneous echotexture are also observed in tuberculous LNs.\[[@ref106]\] Using a scoring system based on the traditional Catalano criteria allowed definitive classification of a particular LN as either malignant or benign only in approximately 25% of mediastinal LNs.\[[@ref107]\] Moreover, using a grey-scale texture analysis in EBUS did not improve differentiation of benign from malignant mediastinal LNs.\[[@ref108]\] EUS-FNAB has a significantly higher accuracy for differentiation of benign *vs*. malignant LNs than echo features alone.\[[@ref109][@ref110]\] The incremental value of EUS-FNAB over EUS alone for the evaluation of mediastinal lymphadenopathy has also been shown in a meta-analysis. FNAB improved the sensitivity of EUS from 84.7% to 88.0% and its specificity from 84.6% to 96.4%.\[[@ref111]\]

### The added value of EUS-elastography {#sec3-3}

In the past few years, new techniques for nodal staging have been developed, providing staging information before the initiation of therapy. One of these techniques is sonographic elastography, which can be recommended as a complementary method to B-mode US, for the characterization and differentiation of benign and malignant LNs in real time.\[[@ref35][@ref112][@ref113]\] The gold standard for determination of malignant cells within a LN at the time of preoperative staging remains FNAB, with a specificity and a positive predictive value (PPV) for cancer diagnosis of up till 100%.\[[@ref82][@ref114][@ref115][@ref116]\] EUS-elastography, brings additional information on LNs stiffness, being clinically useful in selecting the most suspicious LNs for tissue sampling, especially in patients presenting multiple LNs, with a high PPV\[[@ref21][@ref74][@ref81]\] \[Figure [6a](#F6){ref-type="fig"} and [b](#F6){ref-type="fig"}\]. Due to a high NPV, it might reduce the number of unnecessary biopsies.\[[@ref21]\] The smallest LN metastases may escape both B-mode diagnosis and EUS-FNAB. However, elastography can detect circumscribed metastasis-related changes in tissue hardness, being helpful in delineating the very early circumscribed malignant infiltration for improved target EUS-guided FNAB \[Figures [7](#F7){ref-type="fig"} and [8](#F8){ref-type="fig"}\].\[[@ref82]\] Additionally, normal elastographic architecture of enlarged inflammatory LNs can be helpful to prove a benign inflammatory disease, for example, sarcoidosis\[[@ref39]\] \[[Figure 9](#F9){ref-type="fig"}\]. It can also help in guiding the puncture in a non-necrotic part of the suspicious LN when necrotic tissue is present, as in advanced cancer.\[[@ref21][@ref117]\] In cases of negative EUS-FNAB, or in situations where this procedure is not considered useful or it is not possible (technical problems, peritumoral LNs, interposed malignant tissue, or interposed vascular structures), EUS-elastography may offer an alternative for the differential diagnosis.\[[@ref21][@ref78][@ref112][@ref118]\]

![Two periduodenal LNs in one patient with pancreatic cancer: An oblong reactive LN (a) has an almost identical elasticity compared with the surrounding connective tissue (predominantly green). The soft hilar structures are clearly delimited (red and yellow). A round LN metastasis (b) in the same patient is homogenously hard (blue)](EUS-4-176-g007){#F6}

![Elastography-guided EUS-FNAB in a patient with known hepatocellular carcinoma (HCC): Very large mediastinal LN with predominantly soft pattern (green) and a small area in the LN periphery, which is definitely much stiffer (blue): The 22-gauge aspiration needle is targeted to this "hard" LN region. Cytology and histology proved metastatic infiltration by HCC. FNAB: Fine needle aspiration biopsy](EUS-4-176-g008){#F7}

![EBUS elastography in a patient with right-sided peripheral non-small cell lung cancer: A triangular LN is shown in the left mediastinal area 4 (4L). Elastography shows a scattered pattern with a circumscribed hard (blue) infiltration which was proven to be a metastasis by transbronchial EBUS-FNAB. Surgery was omitted, and palliative chemotherapy started](EUS-4-176-g009){#F8}

![Elastographic image of a large oblong and hypoechoic mediastinal LN in a patient with sarcoidosis: The LN is predominantly green](EUS-4-176-g010){#F9}

EUS-ELASTOGRAPHY, DIFFERENTIATION OF BENIGN AND MALIGNANT LNS: REVIEW OF THE LITERATURE {#sec1-5}
=======================================================================================

The ability of EUS-elastography to differentiate benign and malignant LNs for the first time was evaluated by Giovannini *et al.* in 2006, on a number of 31 LNs with different locations. The final diagnosis was based on FNAB samples or surgical specimens. They found a sensitivity of 100% and a specificity of 50% using a color-coded scale, with blue for malignant tissue, green for fibrosis, yellow for normal tissue, and red for fat. They pointed out the need for specificity improvement, highlighting the promising result of EUS-elastography for guiding the biopsy.\[[@ref71]\] In 2009, Giovannini *et al.*, conducted a multicenter study which came in addition to the previous one. A total number of 101 LNs in 101 patients known with different malignancies were evaluated based on the same real-time elastographic pattern, and the result was compared with the classification based on the B-mode EUS images, using EUS-FNAB and/or surgical pathology as reference standard (44 benign LNs and 57 malignant LNs). They found improved specificity of 82.5%, as compared to 50% in the first study. Also, sensitivity, specificity, PPV, NPV, and global accuracy for EUS-elastography were significantly better than the respective parameters obtained for B-mode EUS images (91.8%, 82.5%, 88.8%, 86.8%, and 88.1% respectively, as compared to 78.6%, 50.0%, 70.5%, 60.6%, and 67.3%, respectively).\[[@ref21]\]

Saftoiu *et al.*, analyzed whether EUS-elastography may differentiate between benign and malignant LNs by using qualitative pattern and quantitative histogram analysis. Thirty-one patients diagnosed by EUS with cervical, mediastinal, or abdominal LNs were prospectively included, with a total number of 42 LNs examined. The gold standard used was fine needle aspiration cytology (FNAC) with further verification either by surgery or by follow-up. The qualitative pattern analysis showed a high sensitivity (91.7%), specificity (94.4%), and accuracy (92.86%). Even better results were obtained by defining an elasticity ratio based on separate red-green-blue channel histogram values (sensitivity, specificity, and accuracy of 95.8, 94.4, and 95.2%, respectively).\[[@ref74]\] In a second study, by using a dynamic hue histogram analysis in order to reduce possible selection bias or artifacts, they obtained a sensitivity, specificity, and accuracy of 85.4, 91.9, and 88.5%, respectively, after the evaluation of total number of 78 LNs in 54 patients diagnosed by EUS with cervical, mediastinal, or abdominal LNs.\[[@ref30]\]

Xu *et al.*, assessed the accuracy of EUS-elastography by pooling data of existing trials. Seven studies involving 368 patients with 431 LNs were included, and a meta-analysis was performed. Pooling was conducted in a fixed-effect model or a random-effect model. The pooled sensitivity of EUS-elastography for the differential diagnosis of benign and malignant LNs was 88% (95% confidence interval (CI) 0.83-0.92), and the specificity was 85% (95% CI, 0.79-0.89). The subgroup analysis by excluding the outliers provided a sensitivity of 85% (95% CI, 0.79-0.90) and a specificity of 91% (95% CI, 0.85-0.95).\[[@ref29]\] The most important data of studies evaluating the role of EUS elastography for characterization of LNs are detailed in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}.

###### 

EUS-elastography --- the ability to differentiate between benign and malignant LNs

![](EUS-4-176-g011)

###### 

EUS-elastography studies and LNs\' dimensions

![](EUS-4-176-g012)

 {#sec2-2}

### Staging of carcinoma --- the added value of EUS-elastography {#sec3-4}

Once detected, most primary tumors are staged using the American Joint Committee on Cancer classification\[[@ref119]\] to assess the local extent and size of the primary tumor (T), regional LN involvement (N), or distant metastasis (M). Assessment of pathological LNs is now incorporated in revised Response Evaluation Criteria in Solid Tumors (RECIST) guideline. LNs with a short axis ≥15 mm are considered measurable and assessable as target lesions. The short axis measurement is the one which should be included in the sum of lesions in calculation of tumor response. Nodes that shrink to \<10 mm short axis are considered normal.\[[@ref120]\] The presence of LN metastases can significantly alter patient management, and therefore accurate diagnosis of the presence and extent of nodal disease can help in optimizing patient management.\[[@ref121]\] The accurate identification and characterization of LNs by imaging has important therapeutic and prognostic significance in patients with newly diagnosed cancers. The presence of nodal metastases limits the therapeutic options and also generally indicates worse prognosis in patients. Thus, it becomes crucial to have this information before commencing therapy. Current cross-sectional imaging modalities rely on insensitive size and morphologic criteria and, thus, lack the desired accuracy for characterizing LNs. This is mainly because metastases can be present in nonenlarged LNs and not all enlarged LNs are malignant. PET has overcome some of these limitations, but is still constrained by current resolution limits for small nodal metastases. This has fuelled the development of targeted techniques for nodal imaging and characterization as outlined in this article. In the past few years, studies have shown that these newer imaging techniques can bridge some of the limitations of existing imaging for nodal characterization, and thereby provide the much-needed staging information before the initiation of therapy.\[[@ref84]\]

### Esophagogastric cancer staging {#sec3-5}

In esophageal cancer, confirmation of metastasis to regional and nonregional LNs or to distant sites may affect patient management.\[[@ref122]\] EUS-FNAB demonstration of distant LNs metastases have been found to change the management strategy in 7 and 12% in one prospective and one retrospective study, respectively, involving a total of 307 patients.\[[@ref123][@ref124]\] It is also helpful in selecting the best surgical approach of patients with resectable distal esophageal carcinoma and mediastinal LNs visualized on EUS. If the LNs are proved to be involved, a transthoracic esophagectomy is the best approach, while a negative result for mediastinal LNs involvement may allow a transhiatal resection.\[[@ref125]\] In his study, Saltzman\[[@ref126]\] stated that EUS was the most accurate technique for the locoregional (T and N) staging of esophageal cancer, and optimal staging strategies for esophageal cancer should use EUS-FNAB with either computed tomography (CT) or PET.

In upper GI cancer, EUS-FNAB of regional (e. g., periesophageal or perigastric) LNs is not advisable due to a high false-positive rate of up to 15%, which is caused by inadvertent needle-crossing of the primary tumor or by tumor-cell contamination of luminal fluid.\[[@ref127][@ref128]\] Therefore, nodal staging relies on EUS features alone and has limited diagnostic reliability (in gastric cancer; sensitivity 83% and specificity 67%).\[[@ref129]\]

In a recent study by Hassan *et al.*, in 234 patients with gastric cancer, EUS detected 99 lesions suspicious to be distant metastases, among them 85 were suspicious LNs, mostly located in the mediastinum. EUS-FNAB confirmed distant LN metastases in 58% of targeted LNs and changed the management in 34 of the 234 patients (15%) undergoing EUS for staging, avoiding unnecessary surgery.\[[@ref130]\] Preliminary studies suggest that an elastography-based approach may increase the reliability of endosonographic nodal staging and the efficacy of EUS-FNAB for cytopathological characterization of distant LN metastases in upper GI malignancies \[[Table 4](#T4){ref-type="table"}\]. EUS elastography has been shown to be superior to standard EUS assessment in the differentiation between benign and malignant LNs in esophagogastric cancer.\[[@ref114]\] Knabe *et al.*, aimed to assess whether EUS-elastography was able to improve LN staging in patients with esophageal cancer. A total number of 40 patients with known esophageal cancer were prospectively enrolled. Using histological/cytological results, out of the 40 LNs examined, 21 were proved to be malignant. The proportions of color pixels were assessed using computer analysis of the elastography images. Sensitivity, specificity, and PPVs of EUS-elastography alone were of 100%, 64.1%, and 75%, respectively, as compared to the values of 91.3%, 64.7%, and 74%, respectively, obtained for B-mode criteria. When computer analysis of the elastographic images was added, with a cut-off value randomly set to 50% blue pixels, the specificity improved significantly from 64.1% to 86.7%, with a slight decrease in sensitivity, from 100% to 88.9%. PPV improved from 75% to 86%.\[[@ref117]\]

###### 

Added value of EUS-elastography for esophagogastric cancer staging, as compared to EUS for benign-malignant LNs differentiation

![](EUS-4-176-g013)

Larsen *et al.*, evaluated the use of EUS, EUS-elastography, quantitative EUS-elastography (by calculating the strain ratio), and EUS-FNAB in the LN staging of upper GI cancer, using histology as the gold standard. A number of 56 LNs (34 benign and 22 malignant) in 56 patients were examined. Authors obtained values for sensitivity, specificity, accuracy, PPV, and NPV of 86%, 71%, 77%, 66%, and 89%, respectively, for EUS; 55%, 85%, 73%, 71%, and 74%, respectively for EUS-elastography; 59%, 82%, 73%, 68%, and 76%, respectively, for EUS-elastography using a 5 pattern system scoring; 55%, 82%, 71%, 67%, and 74%, respectively, for strain ratio evaluation with a cut-off value 4.5. The sensitivity, specificity, and accuracy of EUS-FNAB were 64%, 96%, and 85%, respectively.\[[@ref131]\]

Paterson *et al.*, assessed quantitative EUS-elastography in the nodal staging of esophagogastric cancers. Using EUS-FNAB cytology as the reference standard, out of the 50 examined LNs, 23 were proved to be malignant. With a strain ratio cut-off value of ≥7.5 for malignancy; sensitivity, specificity, PPV, NPV, and accuracy were 83%, 96%, 95%, 86%, and 90%, respectively, as compared to the values of 22-70%, 64-96%, 61-83%, 57-72%, and 60-75%, respectively, obtained for different B-mode EUS criteria.\[[@ref114]\]

### Lung cancer staging {#sec3-6}

Correct staging of non-small cell lung cancer (NSCLC) is important for further decisions regarding case management, by allocating the patient to surgery, neoadjuvant, or palliation therapy.\[[@ref132][@ref133]\]

According to the guidelines published by De Leyn *et al.*, regarding the preoperative LN staging of NSCLC, CT is still the basic imaging modality in mediastinal LN staging, both primary and in restaging after induction therapy. However, according to the cited guidelines, CT chest is not accurate enough for mediastinal LN staging. When only CT is available, invasive staging is advised in every patient; except for T1 squamous cell cancer with LNs \<1 cm on CT. EUS-FNAB is presented as a new minimally invasive technique that provides cytohistological diagnosis and may be complementary to the surgical invasive staging technique.\[[@ref134]\] EUS-FNAB has a high sensitivity and specificity in the diagnosis of LNs metastases, being able even to detect small LNs metastases (less than 1 cm) often miss by CT.\[[@ref135]\] This has a huge impact for staging of NSCLC, reducing futile thoracotomies in patients with suspected or proven lung cancer and enlarged (\>1 cm) mediastinal LNs on chest CT.\[[@ref136][@ref137]\] EUS-FNAB is also able to detect advance disease in 11-25% of the cases with negative CT results.\[[@ref85]\] However, EUS-FNAB cannot investigate anterior mediastinum.\[[@ref138]\]

Janssen *et al.*, tested the feasibility of EUS-elastography in the dorsal mediastinum, and compared the elastographic patterns of LNs with results from EUS-FNAB. A total number of 66 LNs (37 benign and 29 malignant) were examined in 50 consecutive patients. For EUS, accuracy was 71.2%, if lesions were stated as malignant when at least three out of four B-mode criteria (round, hypoechoic, \>1 cm, and sharp border) were positive. For elastographic criteria, the assumption that a relatively homogeneous pattern, color-coded in green/yellow (intermediate tissue stiffness) is characteristic for benign LNs gave an accuracy of 87.9%. Using the dominance of blue color (relatively hard tissue) as marker for malignancy, regardless of pattern, the accuracy was 84.8%. Interobserver variability among the three examiners was also evaluated in this study. LNs were classified into three different categories (benign, malignant, and not classifiable). A final kappa score of 0.84 was obtained in this analysis, highlighting a very good correlation.\[[@ref81]\] Preliminary reports have proved the feasibility of elastography for endobronchial longitudinal US\[[@ref139][@ref140]\] \[[Figure 10](#F10){ref-type="fig"}\]. A recent study of Izumo *et al.*, reported on the ability of EBUS elastography to differentiate mediastinal and hilar LNs using qualitative elastographic pattern analysis (*n* = 33 benign and 42 malignant LNs). Results were compared with final cytopathological results of EBUS-guided FNAB. Sensitivity, specificity, PPV, NPV, and diagnostic accuracy for elastographic diagnosis of a malignant mediastinal LN were 100%, 92.3%, 94.6%, 100%, and 96.7%, respectively.\[[@ref75]\]

![Elastography in EBUS showing an enlarged LN at the right hilum (10R) in two different patients with mediastinal lymphadenopathy of unknown origin. In both cases transbronchial EBUS-FNAB was performed. In one patient with an elastographic heterogeneous LN with clearly visible soft (red and yellow) hilar structures and a small hard (blue) peripheral zone of the cortex (a) cytology and histology showed lymphoid tissue with reactive changes. In the other patient with a predominantly hard LN (green and blue) without any obvious hilar structures (b) cytology and histology demonstrated metastasis of a renal cell cancer, which had been treated by surgery 7 years ago](EUS-4-176-g014){#F10}

### Bile duct tumors staging {#sec3-7}

EUS-elastography may add new information and may be a useful method in the diagnosis of the involvement of hepatoduodenal ligament LNs in biliary malignancies.\[[@ref141]\]

In patients with hilar tumors, EUS-FNAB of regional LNs has a tremendous impact in the selection of patients suitable for a multidisciplinary approach, including chemo- and radiation therapy in association with the liver transplantation, being able to avoid unnecessary transplantation in about 20% of the cases.\[[@ref142][@ref143]\]

Hirooka *et al.*, assessed the diagnostic capability of EUS-elastography to diagnose the involvement of LNs in biliary malignancies. Fifty-five patients with enlarged LNs were included. Involved LN images were defined as a mass harder than the surrounding connective tissue or as a mass with inhomogeneous hardness. They obtained results for sensitivity and specificity of EUS-elastography in diagnosing LN involvement of 96% and 89%, respectively.\[[@ref141]\]

### Other possible applications of EUS-elastography for cancer staging {#sec3-8}

In pancreatic cancer, studies aiming to directly assess the clinical impact of EUS-FNAB by demonstrating the metastatic disease with impact on patients management are lacking.\[[@ref144]\] In the study by Mortensen *et al.*,\[[@ref123]\] EUS-FNAB disclosed metastatic LNs that affected treatment decisions in six of the 99 evaluated patients (6.06%).

In rectal cancer, two studies reported that EUS-FNAB evaluation of LNs for staging did not alter significantly the management of patients as compared to EUS alone.\[[@ref145][@ref146]\] This may be due to the fact that in rectal cancer there is a close correlation between T and N stages, and also to the fact that most perirectal LNs detected at EUS are malignant.\[[@ref144]\] By contrast, Gagliardi *et al.*,\[[@ref147]\] found that in rectal cancer magnetic resonance imaging (MRI) has 67% sensitivity, 71% specificity, and 69% accuracy in detecting malignant LNs, values which can be considered as low.

In prostate cancer patients with nodal metastases are excluded from radical prostatectomy as a curative option and, instead, receive adjuvant therapy to achieve disease control.\[[@ref148]\]

All these types of cancers may benefit from the ability of EUS-elastography to improve nodal staging, but this should be assessed in further studies.

### Are the results of EUS-elastography reproducible? {#sec3-9}

One of the main criticisms of EUS-elastography is the variability of the elastographic images and the difficulty of interpretation.\[[@ref70]\] The main pitfall of EUS elastography is the endosonographer\'s inability to control tissue compression. Usually, none or minimal pressure is required to obtain a good compression from the pulsatility of abdominal vessels.\[[@ref32]\] Studies have proved that elastography and elastographical strain ratio evaluation of LNs are feasible and may be reproduced with good interobserver agreement in a blinded clinical setup.\[[@ref149]\]

The study of Giovannini *et al.*, showed a satisfying interobserver concordance. Authors performed an interobserver study on a statistically representative and blinded selection of 15 videos of LNs. The videos were each evaluated by five endoscopists experienced in EUS and elastography. The agreement between two different examiners was measured by an adapted kappa coefficient. The interobserver study also evaluated the agreement between two examiners to classify the examined tissue as benign or malignant. This agreement was measured by the Cohen kappa coefficient. The kappa coefficient of the sonoelastography score was 0.519. The kappa coefficient for the differentiation between benign and malignant LNs was 0.657.\[[@ref21]\]

Larsen *et al.*, evaluated the intra- and interobserver agreement of EUS and EUS-elastography during the evaluation of a specific LN in patients with upper GI malignancies. The EUS-elastography strain ratio was used to differentiate between benign and malignant LNs and the interobserver agreement was evaluated. A total number of 62 LNs in 62 patients were included, and EUS-FNAB cytology was used as the reference standard. Values for kappa coefficient (95%-CI) and for interobserver agreement were 0.80 (0.55-1.00) and 90.2% for EUS; 0.58 (0.34-0.82) and 81.9% for EUS-elastography, 0.35 (0.2-0.50) and 59.0% for EUS-elastography using a 5 patterns scoring system, 0.59 (0.36-0.84) and 82.0% for highest EUS-elastography strain ratio, respectively using a cut-off value of 3.81.\[[@ref149]\]

Janssen *et al.*, aimed to test the feasibility of EUS-elastography in EUS of the dorsal mediastinum and to explore the elastographic patterns of benign and malignant lesions based on results from EUS-guided FNAB of these LNs. On a total number of 66 LNs, 37 benign and 29 malignant, by applying an elastographic pattern, they obtained an excellent interobserver agreement (kappa = 0.84).\[[@ref81]\]

### Perspectives --- what\'s next? {#sec3-10}

EUS elastography has a potential capability of defining characteristics of benign and malignant lesions, but needs improvement of the specificity and clear definitions of the criteria required for an accurate elastographic evaluation. An improved grading system might help.\[[@ref71]\] Elastographic strain ratio is promising, but it seems to overcome some of difficulties in classifying the LNs in the scoring system. For transcutaneous US-elastography, studies have demonstrated better sensitivity when using a strain ratio,\[[@ref150][@ref151]\] as compared to the values obtained by using visual scoring systems, which showed better results for specificity.\[[@ref151]\] This was also reflected in a meta-analysis including nine studies using qualitative elastography score and five studies using strain ratio.\[[@ref152]\] As far as EUS-elastography studies, the results on the utility of using a strain ratio over a visual scoring system were discordant.\[[@ref153][@ref154]\] Thus, the utility of the 'elasticity ratio' should be tested in larger prospective studies,\[[@ref74]\] with a focus on cut-off points.\[[@ref149]\] The presence of central necrosis may also impair the differentiation of lesions by a subjective interpretation of the elastography score according to the strain ratio.\[[@ref155]\]

A correlation between the elasticity imaging results and a histologic study would also be highly desirable ('virtual biopsy' for noninvasive characterization; real-time guidance of biopsies in stiffer areas of the lesions).\[[@ref30]\] The goal is not to replace tissue confirmation. Instead, the information obtained by EUS elastography should be considered as complementary to the conventional EUS imaging. It may increase the yield of FNAB and reduce the number of unnecessary biopsies when assessing LNs. The second generation of elastography software providing quantitative analysis of tissue elasticity might be able to increase the accuracy of this technique.\[[@ref21]\] A histogram-based evaluation has already been integrated into the next software generation, but this also needs to be tested in future investigations, with the need to define correct cut-off values.\[[@ref117]\] Also further studies are necessary to prove if a computer-based analysis is superior to an examiner-based approach.\[[@ref81]\]

There is a lack of studies on the intra- and interobserver variability of EUS-elastography. Image selection should be part of the intra- and interobserver evaluation.

An exact value of tissue elasticity would be best, but this requires the knowledge of the compression force applied to the tissue.\[[@ref131]\] At the moment, this is only feasible with SWE.\[[@ref76]\] Preliminary studies have shown high diagnostic accuracy of percutaneous SWE for discrimination of benign and malignant LNs in patients with head and neck malignancies and breast cancer.\[[@ref156][@ref157][@ref158]\] Therefore, implementation of SWE into EUS systems is highly desirable.

CONCLUSION {#sec1-6}
==========

Elastography can provide additional information about the structure and pathology of mediastinal and abdominal LNs. Whereas, the differential diagnosis of malignant and benign LNs cannot be solved for certain, it seems to be an excellent method for targeting different areas of the LN to avoid unnecessary needle passes in EUS-FNAB. The disadvantage of the missing controlled pressure of the probe in EUS might be counteracted by more advanced software solutions allowing increasing the reliability and reproducibility of the measurements and by implementation of SWE into EUS systems.
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